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Ab畠trdct
T he 畠tatiBtic al r elatio n ship betw e e nISC P(Inter n atio nalSateuite Clo ud Clim atology Pr oje ct)
cloudty pe and relativehu midity profile obse rvedby radio sonde w a s 8ttldied during the period 血o n July,
1992to Ju n e, 1994. T heIS C CP･ D Xdata of GMS w e r elユB edto c o mptlte the cloud a m ollntfor ea ch clo ud
ty pe ove rthe 1+5 degre egrida re a c e nt r ed at the r adio8 0 nde Statio n. To obtain the reliable clolldty pe
cla s8i丘c ation, the data at 0 0UTC whe n the visible data.w e re a v ailable w e r e u s ed. The r ad1 08 0 nde
ob白e rVatio n 卓 Whe nthe l･5 degr e egri da r e ais cove r ed by ainFle clo ud ty pe w e r e u s ed to c o mp?r ethe
relative hu midity pr o丘1e - Four clo ud ty pes 0f lo w-1ev eL mi dle-le v el, cir rus･ a nd.c11rnt1 o nimbu B-type Clotld
w er e sele cted fo rthe c om pari畠O n.
As w a 8 e ‡pe cted, the relative hu midity w a shighe st at all le v e18 Wlle nthe cu m ulo nim bn s･ty pe clo ud
位isted a nd w色白1o weBt atall le v els When n odolld e xisted. The relativ ehu mi dity w ashigher than that ofa
cloud- be e c a s e at mi ddle･1evel(1o w･1evel)when mi d dle･ c o ud(lo w- clotld)emited. Cir ru 占 Clo ud8 a r edi瓜c ult
toide nti& obje ctively 丘.o 皿 8ingle infr a r ed m e a 紬 re m ent･ InIS C CP, ho w ev er, ci m 8 Clo ud ca nbeide ntiLed
wi ththe us e of visible a ndinfra r ed m e a Bll r eln e nt8 . Whe n cir ru s Clo ud existed
,
the high le v elr elよtive
hu mi dity Sho w edlo cal m a 血 u m a nd w a shghe rt.ha mthat w he nlo w･ a nd mi d dle･ c o ude xi8ted.
1. Introductio n
T he pr e se n c e Ofclouds innu e n c eB the e n e rgetics ofthe atm o8Pher ein tw o ways, the atm o 8pheric
w ater cycle and the radiatio nbudget･ h nu m e ricalw e athe rpredictio n m odels, 血oud a m ountiB One Ofthe
importa ntqu a ntitiesto dete rmine radiativ enu x es(S aito a ndBaba, 198 8). The 8.s c e nt Ofda mp air ca nle ad
to c o nde n s atio n andcloudi8fo r m ed. During the a sc e nt, altho ughthe mixing ratio ofw ate rvapor r e m ain s
co n 8t且nt, the relativ e hu mi dityin cr eas e s a nd m ay re a ch lO O% a nd c o nde n s atio n oc cu r s. W hile, clo ud win
dis ap pea r Whe nthe clo ud go ㊤sintodrier air. T he refo re, clo udi畠 Clo 8 ely r elated with relativ ellumi dity at
thelevelofclo ud e xists.
T he Study ofthe r elatio n 畠hip betw e e n clo ud a nd r elatlV ehu midity i卓 im po rta ntin tw o w ays, to
estlmate the relativ e hu midity fro m the clo-ud a m o unt, a nd to e 8tlmate the clo ud a m ou nt fro m the relative
hu mi dity. T he ve rtical m oiBtu re Profile sha v ebe e n e sti
l
m atedfro mG M Sclo ud data a nd u sed in the
m oistur e a n aly8i8 at the n 11m e ric &l w e atherpr ediction m odelin the Japa n M ete or ol glCal Age n cy. T he
algorithm w as statistic ally deriv ed &o m the co mparis o nbetw e e n cloud data a nd m oi白t11r e丘eldobs erved by
radio sonde
,
B&ba(1 9 87,199 5)im pro v ed the algorithm u 8ing the clouddata by c o n sidering m e a n clotld 七op
te mperatn r e, minim u m cloudte mper ature a nd 8t anda rd deviatio n ofbrightn eB8te mpe rattlr ewithin the 1
degre elatitudeAo ngitude a r e a.
T hefo r m e r 良tudie sw ere ba 昏ed o n single in fra red m e a s u re m e nt, which te nds to mi白Cla BSiB'thethin
中tlS Cloud a s mi d dle- o rlow ･1e v elcloud･ T heISC CP(Ipte rn atio n al SatelhteChm atolog yProje ct)pr ovide s
ni ne Clotユd ty pe s a c co rding to cloudheight a nd optic althickne ss. In the clqud a n aly8i8, r adia n ce s ar e
con verted into clo ud para m ete r swith the llelp of a r adiative tr a n sfe r m odel a nd a u xiha ry data like
te mper atu r epr o丘Ie sderiv ed fro m T OYS(Tiros0pe ra七io nal Vertic al So undings)a nd ozon einform ation e上c
■In thi畠 Study, clotldty pe s ch8Si丘ed in theIS C C Pand clolld a m o u nt a retake n into co n side r atio nto
study the 8tatistlC al r elatio n ship betw e e n cloudinform atio n a nd the vertic al relativ ehu mi dity profile,
u8ingdata obtain ed duringthe periodfro mJuly, 1 9 92to Ju n e, 1994.
2
. Data
a)ISC CP･ DX data
T he ISCCP w a s e &tabli8hed in 1 98 2a nd pr ovi ded clou d inform ation a n aly名ed by c o=1bining
Satellite- m e a su red r adiarlCe8 With TO V Satn oBpheric te mpe r atu r e-hu mi dity data . T he first V er sio n of
1 691
IS C CP.pr odu ctsis cal ledthe C- 8 erie8 a nd the revised ve rsioFI Ofprodu ctsis c alled the D- Berie 8. T he piEel
by pix ela n alysis is perfor m ed for s atellite r adia n cedata 白et a nd the re 8ult･S a r erepo rted in the D Xdata
pr odu ct, which ha s a n o minalre solutio n of 3 0km and 3 hou rs. Ⅱe r ew e u 8 etheIS C C P･ D X data of G M S.
In ISC CP, visible(day o nly)a nd in&ar ed data arc 11 8edto retrie v e_cloud para m eters. Du ring day
-tim e
, the
opticalthicknes s ofcloud i8 dete rmin ed from visible reflectan c e, In theISCC P･ D Xdata,ice cry8talB with30
LI 凸 eHective r adiu s a r e u s ed to c o mpl止e the opticalthickn e 8畠 Ofclo uds which a r e c olde rtha n260 K. The
clo ud top te m pe ratur eis c or r ected for tr a n s mitted r adiatio n a s afu nctio n of optical thickn e さSfor
tra rlBpa re nt Cirrn 8 Clouds. T heIS CP- DXdata of daytim epr ovi des rehable clo ud pa ra m et rs by c o mbining
visible a nd I R data .
Ba s ed o nthe s e Clotld opticalthlCkneE;S e 畠 且nd heights, e a ch cloudy pixeli8 Cla 8 Si丘ed into o n e ofnin e
clo ud ty pe s a cc ordingto thre e clo udtop pre sure c ategories(divi ded at440 a nd 6 8 0 h Pa)a nd thr eevisible
optic althickne ss C ategories(divi ded &t316 a nd 2 3)･ In this Study, w e B el c七fo11 r Clo udty pesfo r sim plicityin
the co mparis o nbetw e e n clolld a nd r adio s o nde, in ste ad of nin e clo ud ty pes which a r e cla ssi fied in the
IS C C P. H igh･le v elclolld is claB Si5ed a 8 Cir rus-ty pe Clo ud with an optical th ickn e 8 畠 8rn a11e rtha n3.6, and
cu mulonimbu s-ty pe cloud 由ith a n optic al thickne s sgreater tha n 3.6. M id dle･ 且nd lo w･1e v el clotldi8
co mbined as o n e cloudty pe, in ste ad ofthe thre e clo ud ty pes at e a ch le v el in IS C CP, W e als o c o n8ide rthe
cloud-fre e c a s e a 8 an othe r c ategory
Sin cetheISCCP- D X data ha v e a spati alres olutio n of 5 km withB a mpled ev e ry 30km , w e c o n 昌tru Ct
the O･5 degr e elatitude凡o ngitude gri dm ap ofclo ud para m ete rs 0 V e rthe G MS co v e r age of60 N150S, a nd
llO E- 18 0E. T he OOUT C dt,a a r eu8 ed for co mparis o nbetw e e n clo ud and radio8 0 nde obs e rv ation sbe c ause
the vi白ible data ofGMSi畠 a V ailable atO OU T C･ lo ud a m o u ntis c om ptlted ove r3 by 3 grids(1.5 degree
latitude/longitude a rea)da ね 亡e ntered at the gridofthe r adio9 0 nde statio n. The r adio 80 ndedata whe re o nly
Single clo udty pe e xi8t$ OVe rthe 3 by3grid白 are u s edto 畠tudythe r elativ ehu mi dity pro丘1e.
b)Radio 畠Onde
To c ornpa rcwith clo ud in for Jn ation &o m G M S, w e u s ethe OOUTC T E M P data, which coin cide with
the clou d obs er v atio n･ W e u s ethe standa rd le v eldata of m oistu reinfor m ation at 100 0, 9 25, 8与0, 70 0, 500,
4 00and 300 h Pa for c olnPutatio n ofthe relativ ehtlmidity. T he r efor e, 8 0 m e且n e v e rtical stru ctu r e8 0f
m oistu re pr o丘1e s are negle cted.
Fig･1･ sho w s a n e x a mple ofthe po sitio n ofradio8 0 nde Btatio n 8 u s ed in th i白 8tudy d ming An 印 8t,
1993･ T he radio s onlde station s are S elected c on sidering thelleight ofthe Station a nd the effe ctiv e n e ss of the
visibleim age atO O UTCduring winterptim e. T he r adio 8 0 nde 8tatio n 8 a r eS lected ne a r c o a 8tB O risla nds
bec au s ethe main pu rpos e ofthis sttldyi革 tO findbetter r elatio n shipbetw e en cloud and relativ ehumi dity
ov e rthe oc e a nwhere c oIIVe ntionalradios o nde obs e rv atio n s are Spa rs e.
3. Res ults
ISCCP- DX data of G ”S which is S a mpled eve ry 30km i島 m ap Ped o nto a 0.5 degre e
latitude4o ngitude grid m ap･ Ev e ry 冒nd has clo udinfor m ation of its n e a re st neighbo r
'
s original data . CIotld
ty peis dete rmihed frozn the viBible opticalthickne s s a ndc orr e cted cloud heightiB dete rmined 血o m visible
a nd in色a r ed data- Clo ud･ alnOunti8 C O nputed o v e r3 by 3 gri ds(1.5 degr e elatitude凡o ngitude a re a)data
c e nte red at the gridofthe r adlO S OIlde Statio n.
Figu re2･ 8ho w 8the v erticaLIp士o丘1e 8 0f m e a n r elativ ehu mi dity for fou r clo ud ty pes(low -level,
middle -1e ,el, cir ruS･ty pe a nd cuz n ulonim bu sセ pe clo ud)derivedfro mIS C C Pa nalyBiB a nd clo ud&e e. Asi8
expe cted, the relative hu mi dityis higher at thelevel where cloud e xi8tS. T he relativ ehu mi dityiBlo w e Bt丘'r
al1eve18in the clo ud･ &ee ca s e. T he reis a.1o calm a 乱 mu n Ofr elative lmmidi七y at8 5 0bPa. T he w ate rvapor
is c o n c entrated atlow e rlev els whe niti8 Cle a r.
W he n c u m tllmimbus･ ty pe clo ud ex IBtS, the r elativ e hu mi dityizldl Cate8the la rge st Valu efo r all
levels･ When thelo w･1evel cloud e mits, the r elativ ehu mi dity atlow e rtha n8 50 h P8 iB highe rtha n when
othe r clo ud ty pe 8 exist eX Cept for whe n c u mt1o nim bu 8･ty Pe Clo ud e xists. Whorlthe mi ddle･1evel cloud
e mits
, the relativ ehu midity at thelevel highe rtha n700hPa sho w s ala rger v alu e tha nlo w･1ev el cloud.
W he n el ms Clo ud exist8･ the relativ ehu mi dity athighe rtha n400hPa in dic ates ala rge r valu e than thatof
when mi d dle-lev elclo ud-e 由 t白L Eow ev er the relativ e hu mi dity atlo w e rlevelsis n ot sigTli丘c a ntly 8 m auer,
although itis s m aller at the 860a nd 70 0 h Palev el白.
Gen e r a11y, the hu mi dity ov e rthe tr opicsi8 highe rtha nthat ove rthe s ubtr opic s. W e c o mpare the
cloud info rmatio n withthe n o rthe r n 8tlbtropics(2 5 N-SO N), tropic s(2 5N- 25S)and so uthe rn s ubt, opic s(25S-
5 0S)I Regio nalcha r a cteristicsofr elativ ehu mi dity pr o&le w a sStudied for e a ch cloud ty pe. Figures a r e
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show n o nly clo ud･fre e(Fig.3.)a ndcirr u s･type cloud(Fig.4)ca 8 e 8.
clodd･fre e c a s e
Figu re 3. sho w 8the v e上ticalprofl e ofrelativ ehu midity wi thsta nda rd deviatio nfor the cloud･fr e e
c a白e. T he top sho w sthe data co mputed fr om the a re a ofthe n orthe rn 8 ubtropics ata highe rlatitudetha n
25 N, the rrliddle sho w sthe data o v er the tr opic s and the hot.to m sho w sthe data ov er I.he s o uthern
subtropic8highe rthan 2 5S･ T he salie ntfe atu re s Of high r elativ ehu mi dity atlo w e rthan 8 50 h Pa ca nbe
see n ov er the tropics･ T he n o rther n s ubtropic ste nd to be d rie r at thelevel highe rt-ba n 5 00 h Pa in
co mparis o n With othe r are a 81 Ov e rthe 白O uthe rn s ubtr opic 白, the relative hu mi dity is ratherd rie r at al 1
levels.
I,ow ･1ev elclo ud
The v e rticalprofile ofrelative h mi dlty Ov erthe n o rthe r n s ubtr opic si8 Si mi lar to that o v e rthe
tropics. Again, the r elativ ehu midity ove rthe 白Outhe rn 白ubtr opic ste nds tO be d rie r at thelev el lo w e rtha n
500h Pa. A Signific a ntdiue r encein relativ ehu midity atlo w erlev els c a nbe B e e nin c o mpari8 OrL With ユo wl
levelcloud a nd the clo ud･ fre e c a s eo ver the mi d･1atitude 8 0fboth he misphe re s. Ho w e v e r, ov e rthe tr opics
tile Ve rtic alpr ofile ofrelative hu midityis Si mi lar to the clo ud-fre e c a se, althollghtlle relativ ehu mi dityi白
m achla rger atlo wle v els.
M idle- e v elclou d
T he v e rtic al prorl e of relative hu mi dity ov er the n o rthe r n すubtr oplC Si白 8i mi 1a rto that o v e rthe
so11ther n 凱Ibtropics exc eptfor highe rle v els. The r elative hu mi dity atlow erlevelsi8 m Oi与七 o v e rthe tr opic8.
Ala rge differen c e of the v ertic alpro丘1e ofrelativ ehu midity ca nbe 8 e e nfor the mi d･1e v elclo ud ca 白e at an
levels a nd fo r allr egio n sin c o mpari8 0Tl wi th the cloud･fre e c a s e.
Cirr u s･ty pe clo ud
ltisinter e stingtof in da 8imjla r v ertic alprofile ofrelativ ehu mi dity a nd localm a xlmu rn at40 0 h Pa
forboth subtr opicalre由o n 8 Whe n cir ru s Clo ud exi8t畠肝ig.4,), Again, the relativ ehu mi dity te ndstObe d rie r
atal 1 levelsforthe 8 0tlthe m s ubtr opic 乱 We c an n ot s e etheloc al m aEim u m ofr elativ ehu midity athighe r
le v els o v e rthe tr opic s, altho ugh the r elative hu midityisla rger e spe ci aly athighe rle v elsin c ornpa ri80 n
with the cloud-fre e c a s e.
Cu m ulo ninbu s-ty pe c a s e
T he v ertic al pr ofile ofr elative hu midity o v e rthe n o rthe r n sdbtr opic 8is sim ila rto Chit o v erthe
tropic8, al tho ughwith a Blightdiffe re n c e atlo w e rlev els. T he r elativ ehu mi dityi8 d rie rat alleve18 Ove rthe
s outher nstlbtropics.
4. Co n cluding Re n a rk8
Usin g the r eliable cloudinfo r m atio n de riv ed frozn ISC CP- D X, w e studied tll e 8tat,istical
relatio n ship betw e e n clolld ty pe a nd r elative hl mi dity pr ofile obse rved by r adib8 0 nde obs e rv atio n. T he
Studied region i8 the G ”Sc o v e r age are a a ndthe 8tudled period is the tw o ye a rperiod.fr om July1,199 2to
August 31, 199 4. TleO OUTC radioBO nde obs erv atio n s a re c o mpa r ed wi the clo ud info r m ation fro mG M S
visible and infra r ed data taken atO O U T C. T he Spatial r e solutio n ofIS CP･ D X datais 5km a rids a mpled
eve ry 3 0km ･ T he 白atellite data a re n ap ped onto 0.5 latitude/lo ngitude gTidB. T he cloud in for m ation i8
retrieved o v e rthe l･6 by 1.5 1atitud.e/lo ngitude(3 by3grid)a re a ce nte red at the radio s onde statio n. T he
five cloud type s(in cluding the clo ud･fre ec a s e) a r ederiv edfr o m optic al th ickne 8 S a nd cloud heightby
ISC C P･ D X data･ They a r elo wl evel 血oud , mi d dle･1e v elclo､1d, cirru 81 ty pe Cloud and cu n ulonim bu 8-ty pe
clo ud- Thelo w -lev ela nd middle･1ev elclo uds a redefin ed a s clo ud lo w e rtha n60 0h Pa, a nd clo ud highe rtha n
600h Pa a nd lo w erth an 44 0 h Pa, r e spectively. The cir ru s･ty pe clo ud iB defin ed a 8 Cloud higher than 4 40 h Pa
with vi8 ble opticalthickn e s s S m alle rtha n3･6. The cu Tn ulo nimbu s･ty pe clo ud i8 de丘n ed a 自 Clo 11d highe r
than 440h Pa with visible optical th ickne畠Sla rge r tha n3.6_ The re ader sho uldn ote that the cloud ty pe
clas8i丘catio ni昌 阜llghtlydifEe r e ntfro mthe origln alclo ud type n a m einISCCP.
The r adios o nde ob包er VatlO n Of r elativ ehu mi dity is u8 ed for co mpa ris o n Whe n the 1.5 by 1.5
1atittldello ngitude are ai畠 C O V e red by a single clo ud ty pe . T he chara cteri8tic畠 Ofthe v e rtical profile of
relative hu mi dity a re Btati8tically stu dled in ter m s ofclo udtype a nd regio n al dif ferc n c e･
Asi白 e Xpe Cted, the v erticalpr ofl e ofrelativ ehu midityi畠 highe 8t at all lev els Whe n cu mulo nim bu 8
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ty pe cloud e xists a nd islo w est at all 1ev el白 W he n lュo Clo ud e xists . The r elativ e hu mi dityiB highe rthan that
of the cloud-fre e ca se at mi d dle･1ev el(lo w -lev el) when mi ddle-c otld(1o w･ clolユd)e xists. In the clo ud･ free
c a s e, the tr opic包 Bho w 白 a V ery highrelativ e hu midity m axim u m at 8 60 h Pa, which is n ot s e en in mi d･
latit.ude s.
Whe n cir ru s cloud e xists, the high1ev el r elative hu midity i合 highertha nthat whe nlo w･ a nd
middle- cloude xi白tS . W e expect thelocal m axim uJn Ofrelativ e lmmi dity at higherle v els fo rthe cir m s cloud
c a s e, ho w e v e r. the feattlr eis seen o nly mid-latitude a nd notin the tr opic 8･ T he mid dle･1ev?1(lo w -level)
relativ ehu mi dityi8 als ohighertha rlthat whe nlow ･1e v el(mid dle･1ev el)clou d e xi8t白･ Cir ru白 Cloud is ofte n
a ss o ciated with lo w erlev el clou d･B. In this m ul ti-layer clo ud.c a 白ethe 8 atellite cloud retrie v al algorithm
te nds tO ret riev e onlyhigller Clo-ユd. T hlSis o n e re a s o nfor the relati∇ely higher relative hu mi dity at mi d dle･
a nd low -lev eltha nin the cloud-fr e e ca 白e.
Ge ne rally, the r elativ ehu midity ov e rthe s o uther n 8ubtropic8i8 S m anerin c o mpariさO n with the
no rthern subtropic sa ndtropids. T he Vais ala
'
r adio s o ndeis u 8 ed in Au 8tral ia. Iti8 kn o w nthat the `Ⅴai8ala
'
radio由rlde 白ho w B adry bias . Tle relativ ehu mi dity at highlev els te nds tO be large r o v e rthe n orther n
飢1btropic島tha n otherpla ce8こ
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